**What was known?**

EDN1 and EDNRA are implicated in the inflammatory process. The relationships between EDN1 and EDNRA polymorphisms with several diseases have been found.

Introduction {#sec1-1}
============

Psoriasis is a chronic inflammatory and immune-mediated skin disease characterized by increased keratinocyte proliferation, hyperkeratinisation, leukocyte and T-lymphocyte chemotaxis, and neoangiogenesis. Chronic inflammation, imbalance between pro- and anti-inflammatory cytokines, as well as various immune system-related mechanisms have been proposed to play an important role in the etiopathogenesis.\[[@ref1][@ref2]\] Endothelins (EDNs) are vasoactive peptides implicated in the inflammatory process, and having important cardiovascular, mitogenic, and neuroregulatory functions.\[[@ref3][@ref4]\] There are three identified isopeptides -- EDN1, 2, and 3. Endothelin receptors, type-A (EDNRA) and type-B (EDNRB), mediate the biological effects of EDNs. Among the three isopeptides, EDN1 is considered the most important vasoconstrictor with angiogenic and mitogenic properties. The EDN1 is mediated predominantly by EDN1-specific EDNRA located on vascular smooth muscle cells.\[[@ref3][@ref4]\] The relationships between EDN1 and EDNRA polymorphisms with several diseases have been found.\[[@ref5][@ref6][@ref7][@ref8][@ref9]\] Till date there are only two studies in the literature regarding the relationship between psoriasis and polymorphisms of EDN1 gene (G8002A and -1343A/4A), reporting controversial results.\[[@ref10][@ref11]\] Therefore, the aim of this study was to investigate the relationship between psoriasis with polymorphisms of other loci of *EDN1* gene \[G5665T and T-1370G\] and EDNRA gene (G-231A and G+70C), and also to evaluate whether there were relationships between genotypes and clinical/laboratory findings in psoriasis.

Materials and Methods {#sec1-2}
=====================

One hundred and fifty one patients with plaque-type psoriasis not previously diagnosed with psoriatic arthritis were included in this study. Diagnosis of psoriasis was based on clinical findings. Depending on the age at diseases onset, patients were classified as suffering from either early- (age \< 40 years) or late-onset (age ≥ 40 years) psoriasis. For definition of the severity of the cutaneous manifestations of psoriasis, we used the psoriasis area and severiy index (PASI), which assesses erythema, infiltration, desquamation, and percentage of the involved body surface. The PASI total score ranges from 0 to 72. Higher scores indicate greater psoriasis severity. All patients were clinically assessed by the same dermatologist to establish disease severity using the PASI with the same standarts. The control group consisted of 152 individuals matched for age and sex. None of the controls had personal or family history of any dermatologic disease on examination. Exclusion criteria for patients and controls were the existence of any comorbid cardiac, autoimmune, infectious, musculoskeletal, or malignant disease and a recent history of operation or trauma. Patients were excluded if they were receiving concurrent systemic or topical antipsoriasis therapy. Characteristics of the patients with psoriasis and controls are shown in [Table 1](#T1){ref-type="table"}. The study was approved by the Institutional Review Board. Informed consent was obtained from each subject.

###### 

Characteristics of the patients with psoriasis and controls
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Blood samples were taken in the morning subsequent to an overnight (12 h) fast. Peripheral venous blood samples were collected in plain tubes for EDN1 analysis, and in EDTA-K~3~ for genotype analysis. EDN1 levels were assayed using a commercially available ELISA kit (Biomedica, Wien, Austria).

Genomic DNA was isolated from peripheral blood leukocytes by using High Pure PCR Template Preparation Kit (Roche Diagnostics GmbH, Mannheim, Germany). We selected the EDN1 G5665T (rs 5370), EDN1 T-1370G (rs1800541), EDNRA C+70G (rs5335), and EDNRA G-231A (rs1801708) polymorphisms \[[Table 2](#T2){ref-type="table"}\]. These single nucleotide polymorphisms (SNPs) were chosen according to the following criteria: associated with susceptibility of other diseases\[[@ref5][@ref6][@ref7][@ref8][@ref9]\] and adequate frequency in Caucasian populations to perform evaluation. For detection of the mentioned polymorphisms, Light SNIP assays were used. Light SNIP assays are based on simple probe melting curve analysis. They consist of premixed primers and probes. They were developed and optimized according to NCBI "rs" numbers of mentioned SNPs by Tib MolBiol (Berlin, Germany). The detection of polymorphisms was performed in a LightCycler (Roche Diagnostics, Mannheim, Germany).

###### 

Single nucleotide polymorphisms (SNP) in the endothelin 1 and endothelin receptors type A genes
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All statistical analyses were performed with SPSS 15.0 for Windows (Chicago, IL, USA). Differences in genotype distributions and allele frequencies in the cases and the controls were compared using the Chi-square (χ^2^) test. The deviations from Hardy--Weinberg Equilibrium (HWE) were determined using the Pearson χ^2^-test. Odds ratios (ORs) were calculated and given with 95% confidence intervals (CIs). The wild-type genotype/allele served as a reference category. Mann-Whitney U, Kruskal--Wallis, and Spearman correlation tests were used for the evaluation of clinical and biochemical parameters. In addition, the NCSS 2000 statistical package (Kaysville, Utah, USA) was used to evaluate the power analysis. We had a 89% power to detect an effect size (W) of 0.20 using a 2 degrees of freedom (α = 0.05).

Results {#sec1-3}
=======

EDN1 (G5665T and T-1370G) and EDNRA (G-231A and G+70C) polymorphisms were analyzed in 151 patients with psoriasis (72 women and 79 men) and 152 unrelated healthy controls (76 women and 76 men). The clinical characteristics of controls and patients with psoriasis were given in [Table 1](#T1){ref-type="table"}. The genotypic and allelic distributions of EDN1 (G5665T and T-1370G) and EDNRA (G-231A and G+70C) polymorphisms for cases and controls are shown in [Table 3](#T3){ref-type="table"}. All genotype distributions were in accordance with the HWE among the controls and cases. The allelic frequencies of EDN1 G5665T G (0.79) and T (0.21); EDN1 T-1370G T (0.83) and G (0.17); EDNRA G-231A G (0.62) and A (0.38); EDNRA G+70C G (0.50) and C (0.50) found in our control population were similar to those reported for the English,\[[@ref5][@ref7]\] and German,\[[@ref6]\] and Turkish\[[@ref8]\] populations. No notable differences were observed in allele and genotype frequencies for EDN1 T-1370G, EDNRA G-231A and EDNRA G+70C polymorphisms among the groups. However, regarding EDN1 G5665T SNP, patients homozygous for T allele had two-fold increased risk for developing psoriasis according to GG homozygotes, although the difference did not reach a significant level. PASI score in EDNRA-231 polymorphic A allele carriers (AA and AA + AG) was higher than that of wild homozygotes (*P* = 0.044 and *P* = 0.027, respectively; [Table 4](#T4){ref-type="table"}). In addition, EDN1 levels in *EDNRA*+70 polymorphic C allele carrying subjects (CC + CG) were elevated in comparison with GG genotype; however, the difference was at borderline significance (*P* = 0.05). In addition, the possible relationships between the studied polymorphisms and certain clinical phenotypes, including age of onset and gender, were evaluated in patients with psoriasis, and no significant difference were found (data not shown).

###### 

Distribution of genotypes and allele frequencies for patients with psoriasis and control group
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###### 

PASI score and endothelin 1 (pg/mL) levels in patients with psoriasis \[mean (range)\] according to genotypes of studied polymorphisms
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Discussion {#sec1-4}
==========

Psoriasis is a common chronic inflammatory skin disorder with multifactorial etiology. There is growing evidence that the disease is a consequence of interactions between genetic and environmental factors.\[[@ref12]\] Recently, genome-wide association studies (GWAS) have been used to identify causative genes of psoriasis and other common diseases.\[[@ref13]\] This study is the first one regarding for the association between EDN1 (G5665T and T-1370G) and EDNRA (G-231A and G+70C) polymorphisms and psoriasis susceptibility.

EDN1 is a vasoactive peptide synthesized by different cell types including monocyte, macrophage, vascular smooth muscle, and endothelial cells.\[[@ref3][@ref4]\] Besides its effects on the vasal tone, EDN1 acts as mitogen for keratinocytes, mediates proinflammatory pathways by both synthesis of cytokines such as IL -6, IL-8, and the activation of nuclear factor-κB (NF-κB).\[[@ref14][@ref15]\] Meanwhile, it upregulates the expression of intercellular adhesion molecule-1 on human dermal microvascular endothelial cells and stimulates the proliferation of T lymphocytes.\[[@ref14][@ref15][@ref16][@ref17][@ref18]\] EDN1 has been shown to stimulate endothelial cell growth and to induce vascular smooth muscle cell and pericyte mitogenesis.\[[@ref19]\] It could be involved in neoangiogenesis seen in psoriatic skin lesions because of its mitogenic and angiogenic properties. EDN1 can also induce vascular endothelial growth factor (VEGF) which is also a potent angiogenic factor and a mitogen for vascular endothelium.\[[@ref20]\] It has been reported that EDN1 induces angiogenic responses through the EDNRA receptor and stimulates neovascularization in concert with VEGF.\[[@ref20][@ref21]\] Consequently, all these functions of EDN1 have been shown to contribute to the development of psoriatic lesions.\[[@ref22]\] Indeed, increased plasma EDN1 concentrations have previously been found among psoriatic patients.\[[@ref23][@ref24]\] Moreover, the overexpression of EDN1 both at protein and mRNA levels has been demonstrated in psoriatic lesions compared with normal skin.\[[@ref23]\]

Regarding polymorphisms of EDN1 gene, the G5665T polymorphism of the EDN1 gene (which predicts a lysine-asparagine change at amino acid 198 of EDN1 protein) is associated with several diseases.\[[@ref5][@ref6][@ref7][@ref8]\] In addition, the G5665T polymorphism of the EDN1 gene has been shown to affect EDN1 expression with increased plasma EDN1 concentrations in TT subjects.\[[@ref25]\] In our study, patients homozygous for mutant T allele had two-fold increased risk for developing psoriasis than healthy controls, although the difference did not reach a significant level. The reason of this nonsignificant result probably is the low number of TT subjects (the number of TT patients was 12 and that of healthy controls were 6). In addition, we could not find any relationship between this polymorphism and plasma EDN1 levels in our patients.

T-1370G polymorphism of EDN1 gene (located in the promoter region of the EDN1 gene), it is well known that polymorphisms in the promoter region of respective gene have potential regulatory effects on gene expression and protein synthesis.\[[@ref5][@ref26]\] Elevated EDN1 levels among hypertensive patients with rheumatoid arthitis\[[@ref5]\] and preeclampsia\[[@ref25]\] carrying EDN1 -1370T allele has been reported. In our study, we did not find significant difference either in the allele and genotype distributions or in EDN1 levels according to EDN1-1370 polymorphism. However, EDN1 levels in patients with TT genotype are higher (but non-significant) than GT and GG genotypes.

With regards to EDNRA polymorphisms, G+70C is located at nucleotide 211 of exon8, which is within the 3'-untranslated regions (UTR). 3'-UTRs of eukaryotic mRNAs are often involved in posttranslational regulatory pathways and have been implicated in message stability.\[[@ref27]\] G-231A, the other studied *EDNRA* polymorphism, is within the 5'-UTR of the gene. The functional consequences of 5'-UTR polymorphisms might be related to the regulatory sequences of gene transcriptions and be associated with differences in the level of gene expression.\[[@ref7]\] Another possibility is that such polymorphisms may create novel splice sites and thus affect the function of the receptor. In addition, such changes may be associated with other functionally active, but unidentified, gene variants.\[[@ref7]\] Therefore, these polymorphisms could have significant effects on mRNA message stability and interaction with EDN1. In our study, although no significant association between psoriasis and the variant allele of EDNRA +70 was observed, EDN1 levels seem to be affected by this polymorphism. EDN1concentrations in EDNRA +70 polymorphic C allele carrying subjects (CC + CG) were observed to be higher than GG genotype.

The PASI is the most commonly used and best validated psoriasis severity assessment tool. It is used to measure psoriatic plaques severity by evaluating the area erythema, scaliness, and thickness of plaques. The changes in PASI score reflect improvement or worsening of the disease. The PASI score is calculated before, during, and after the treatment to determine how well psoriasis responds to the treatment under test. Higher PASI score was found to be associated with poor quality of life, poorer satisfaction with skin condition, need for hospital admission, and use of systemic therapy.\[[@ref28][@ref29]\] It was found that CRP was correlated with PASI as well as with total leukocytes. The association of PASI with CRP was used to access psoriasis severity.\[[@ref30]\] Bonifati *et al*.\[[@ref23]\] found increased serum EDN1 concentrations psoriatic patients and reported a direct correlation between serum EDN1 levels and PASI score. They suggested that EDN1 was linked to the PASI score. In this study, there was no significant correlation between EDN1 levels and PASI scores in our psoriatic patients. However, PASI score values in polymorphic A allele carriers (AA and AA + AG) of EDNRA -231 polymorphism were significantly increased in comparison with GG genotype. Although no significant association between psoriasis susceptibility and the variant alleles of EDNRA -231 was observed, PASI scores seem to be affected by this polymorphism.

As a conclusion, this is first study regarding the association between EDN1 (G5665T and T-1370G) and EDNRA (G-231A and G+70C) polymorphisms and psoriasis susceptibility. There is no significant difference in the allele and genotype frequencies of the studied polymorphisms between patient with psoriasis and controls. However, the PASI score and EDN1 levels seems to be affected by EDNRA G-231A and G+70C polymorphisms. There is need for further larger-scale study including other loci of EDN1 and EDNRA genes to confirm our findings, and fully examine the possible relationship between EDN family and development of psoriasis.

**What is new?**

The PASI scores and EDN1 levels seems to be affected by EDNRA G-231A and G+70C polymorphisms. There is no significant difference in the allele and genotype frequencies of the studied polymorphisms between patient with psoriasis and controls.
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